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(57) Abstract 

A system and method for reducing noise from an internal combustion engine using a duct housing (10) receiving induction air flow 
to the engine. A space is defined within the duct housing (10) surrounding a speaker enclosure (22) associated with a speaker (30) facing 
an open space upstream of the annular space. A sound transducer (42) at the axial location where the annular space opens into the open 
space generates electrical signals corresponding to engine noise propagating through the air induction ducting. The signals are amplified 
and phase shifted driving the speaker to output cancelling noises or sounds so as to at least reduce engine noise from the annular space. 
The speaker enclosure length is set to enhance speaker performance in selected frequency bands of engine noise. 
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SYSTEM AND METHOD FOR REDUCING ENGINE NOISE 

BACKGROUND OF THE INVENTION 

The present invention concerns reducing internal combustion 
engine noise in automotive vehicles. 

Reducing engine noise has long been an objective of automotive 
designers. One approach for reducing noise or certain sounds has 
involved electronically generating cancelling noises in response to 
particular sensed engine noises to reduce such noise levels. U. S. 
Patent No. 5,426,703 issued on June 20, 1995 for an "Active Noise 
Eliminating System" and U. S. Patent No. 5,426,705 issued on June 
20, 1995 for a "Vehicle Internal Noise Reduction System" relates to 
such systems. 

Some systems have used speakers to direct certain sounds into 
an enclosed space such as the passenger compartment of an automotive 
vehicle. However, the sounds are dispersed in the space such that the 
cancelling sounds are less effective at reducing certain noises or sounds 
than if the cancelling noises or sounds are concentrated to better 
neutralize the noise. 

The performance of such systems, however, depends on the 
generated cancelling noise. 

It is therefore an object of the present invention to provide an 
active noise or sound reducing system that is more effective in reducing 
internal combustion engine noise. 
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SUMMARY OF THE INVENTION 

The inventor has determined that certain internal combustion 
engine noises or sounds are propagated through the air induction 
system, and may include, for example, engine valve and combustion 
chamber noise, as well as the noise produced by inducing of air into the 
engine. Accordingly, the present invention comprises an air duct 
housing defining an annular space receiving the air passing into the air 
induction system. The center of the annular space is defined by the 
curved perimeter of a speaker enclosure, with a speaker coaxially 
mounted therein, facing upstream towards the flow direction of the 
incoming inducted air. 

A sound transducer such as a microphone is mounted to the 
speaker so that it is adjacent to the annular space and approximately 
within the speaker face plane to detect engine noises or sounds in the 
induction system. The microphone detects the sounds and generates 
corresponding electrical signals that are phase shifted so as to be 180° 
out of phase from the engine noise signal and amplified. The amplified 
phase shifted signals power the speaker driver to create a cancelling 
noise or sound that interacts with the engine noise or sound emanating 
from the annular space. The cancelling sounds from the coaxially 
aligned speaker cone are absorbed so as to neutralize engine noise 
emanating from the annular space surrounding the speaker. 

The rear of the speaker enclosure is preferably covered and 
insulated to limit cancelling sounds from propagating through the air 
induction system so as to lessen the effects of out-of-phase 
components relating to the generated cancelling sounds. 
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An adapter transition duct section may also be installed upstream 
of the speaker enclosure to allow connection to other air induction 
system components, such as the air cleaner, etc. 

The speaker enclosure may also be tuned by adjusting its length 
so as to enhance the speaker's performance in cancelling dominant or 
selected frequencies of engine noise. 

DESCRIPTION OF THE DRAWINGS 

Figure 1 shows the noise reducing system components according 
to the present invention together with a block diagram representation of 
the engine and air induction system. 

Figure 2 is an end view of a frame component shown in section in 
Figure 1 . 

DETAILED DESCRIPTION 

In the following detailed description, certain specific terminology 
is used for clarity purposes and for describing a particular embodiment 
of the system. However, the particular embodiment is not intended to 
be limiting and should not be so construed since other embodiments 
may take different forms that are within the scope of the claims. 

As described above, the inventor has determined that noises and 
sounds propagate through air in the air induction system, which draws 
air into the engine. 

As shown in Figure 1, an air duct housing 10 is configured as a 
curved wall, smoothly convergent main air duct housing section 12 
having a small diameter end adapted to be connected to the intake 
manifold of an internal combustion engine 14. An auxiliary transition 
section 1 6 may also be included, which has a divergent shape having its 
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large end attached to or otherwise associated with a large diameter end 
of the main air duct housing section 1 2 by tabs 1 9 axially projecting 
from an outer rim 21 of a generally circular (round or oval) frame 18 
attached to or otherwise associated with both structures. The transition 
section 1 6 provides convenient connection to the upstream air induction 
system components 20, such as the air cleaner, etc. 

A speaker enclosure or assembly 22 is supported within the large 
end of the main air duct housing section 12 by a series of tabs 21 
projecting from an inner rim 24 of frame 18. The speaker enclosure 22 
has a curved outer perimeter, generally shaped to follow the inner 
contour of the large end of the main air duct housing section 1 2 so as to 
define a surrounding, annular air flow space 26 between the interior of 
the section 12 and the exterior of the enclosure 22. 

The duct section 12 and speaker enclosure 22 may take various 
appropriate forms, including circular and oval shapes. 

The frame 18 shown in Figure 2 has four equally spaced radial 
bars 28 supporting the inner rim 24 so as to allow adequate air flow into 
the annular space 26 from the transition section 16. 

The speaker enclosure 22 is hollow and open at its larger 
diameter end facing the transition section 1 6, whereat the annular space 
26 terminates. A speaker 30 is mounted to the rim 24 with suitable 
fasteners (not shown) received in holes 25 in the rim 24. The small 
diameter end of the speaker enclosure 22 is isolated by a solid plate 38 
to reduce sounds from the rear of the speaker cone 32 that propagate to 
the downstream side of the speaker enclosure 22. A mass of sound 
deadening material 40 is disposed forward of the plate 38 and to the 
rear of the speaker cone 32 to further reduce such sounds. 
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A microphone 42 or other sound transducer is mounted within 
the air induction flow path by attaching it to or otherwise associating it 
with the frame 18 so that it is located just upstream of the annular 
space 26, approximately in the plane of the front of the speaker cone 
32. 

The microphone 42 generates an electrical signal corresponding 
to engine noise emanating from the annular space 26. The electrical 
signal is amplified in an audio broad band amplifier 44, the amplified 
electrical signal is input to the driver coil of the speaker 30 to output 
sound from the speaker cone 32. This signal is phase shifted by 180° , 
such as by switching the input leads to the speaker or by electronic 
means (not shown), to produce an "anti noise" or cancelling sound. 
Since the speaker output sound is 180° out-of-phase with the engine 
noises or sounds, they are absorbed so as to at least partially cancel and 
reduce the engine noise level. 

The coaxial positioning of the speaker 30 within the annular 
space 26 and the positioning of the microphone 42 in the approximate 
plane of the speaker cone 32 better reduces engine noises. Since the 
engine noise is confined within the annular region surrounding the 
speaker cone 32, the cancelling noises or sounds from the speaker are 
better absorbed to partially cancel engine noises or sounds so as to 
reduce them. 

The axial length L of the speaker enclosure may be adjusted or 
tuned to enhance the speaker performance in selected frequency bands 
of the engine noises or sounds. This may be done by setting the axial 
length L according to the following formula: 

L = (C/4fs) - 1.9r, 
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where C is the speed of sound in air at sea level (1 120 ft. per second 
(341.38 m/sec)), fs is the dominant or selected frequency, and r is the 
radius of the speaker enclosure. 
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CLAIMS 

1. A system for reducing noise produced by an internal 
combustion engine having an air induction system, comprising: 

a main duct housing for receiving air flow passing through said air 
induction system; 

a speaker enclosure positioned within said main duct housing so 
as to provide a flow space within said main duct housing surrounding a 
perimeter portion of said speaker assembly; 

a speaker coaxially aligned within said enclosure and said 
surrounding space; 

a sound transducer assembly comprising a sound transducer 
positioned to generate electrical signals corresponding to engine noises 
or sounds; 

said sound transducer assembly further comprising an audio 
amplifier connected to receive and amplify said electrical signals, said 
audio amplifier, having an output operably connected to said speaker to 
drive said speaker with said amplified signals phase shifted by 180° to 
generate cancelling sound from said speaker. 

2. The system according to claim 1 wherein said speaker 
enclosure is closed at one end and open at another end facing opposite 
the direction in which air flows within said main duct housing, and said 
speaker is mounted within said enclosure facing out said open end. 

3. The system according to claim 2 wherein said surrounding 
space terminates at said open end of said speaker enclosure. 
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4. The system according to claim 3 wherein said sound 
transducer is mounted at a point in said housing where said annular 
space terminates, and approximately aligned with a plane at the open 
end of said speaker terminal. 

5. The system according to claim 3 further including a sound 
absorbing material within the closed end of said speaker enclosure. 

6. A method of reducing noise generated by an internal 
combustion engine having an air induction system comprising the steps 
of: 

mounting a speaker within said air induction system; 

generating electrical signals corresponding to said engine noise at 
an approximate point in said air induction system whereat said speaker 
is located; 

amplifying said signals and driving said speaker with said 
amplified signals which are phase shifted so as to generate engine noise 
cancelling sound from said speaker, whereby the level of said engine 
noise is reduced. 

7. The method according to claim 6 wherein said step of 
mounting said speaker, said speaker is mounted coaxially within a 
speaker enclosure defining an annular space in said air induction system, 
said annular space receiving the air flow passing through said induction 
system. 

8. The method according to claim 6 wherein said step of 
generating electrical signals corresponding to engine noise includes the 
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step of positioning a microphone at the approximate location of said 
speaker in said air induction system. 

9. The method according to claim 7 wherein the axial length 
of said enclosure is adjusted to enhance speaker performance in a 
dominant frequency band of said engine noise. 

10. The method according to claim 9 wherein the length L of 
said speaker enclosure is adjusted substantially according to the 
formula: 

L = (C/4fs) - 1.9r, 

where C is the speed of sound in air, fs is the selected frequency, and r 
is the radius of the speaker enclosure. 
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